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Abstract
Theories of attention can be separated into those that select by location, and those that select by location-invariant
representation. Experiments demonstrating stronger interference or facilitation from distractors grouped by nonspatial features
with the target than ungrouped distractors have been considered as evidence for the selection of location-invariant representations.
However, few studies have measured spatial attention directly at the locations of the grouped or ungrouped objects. In these
experiments subjects responded to spatial probes (dots) while also identifying a cued target letter among distractors. Probe
responses were faster for distractor locations with the target color than for those with the nontarget color, implying that
target-color locations receive more attention. This pattern of spatial attention may explain why target-color distractors interfere
more with target identification than nontarget-color distractors. These results suggest that although attention can be directed by
nonspatial properties such as grouping by color or organization of the scene into objects, selection may ultimately be based on
location. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
At any given moment the visual system receives more
information than it can fully process. Thus, some por-
tion of the visual input must be selected and processed
more carefully than the rest. Two broad classes of
models have been proposed to explain how and when
organisms selectively process visual information: one
group of researchers claims that spatial location plays a
special role in selecting information, whereas the other
does not assume a special role for location but claims
that selection operates at the level of object representa-
tions that are spatially invariant.
In the initial formation of location-based selection
models, visual attention was described in terms of an
attentional ‘spotlight’ metaphor, in which stimuli falling
within a region receive improved perceptual processing
(e.g. Eriksen & Hoffman, 1973, 1974; Eriksen & Erik-
sen, 1974; Posner, 1980; Posner et al., 1980; Hoffman &
Nelson, 1981). Many researchers have tried to deter-
mine the properties of the spotlight, including its size
(Egeth, 1977; Larsen & Bundesen, 1978; LaBerge, 1983;
Eriksen & Yeh, 1985; Eriksen & St. James, 1986; Cave
& Kosslyn, 1989), its shape (Podgorny & Shepard,
1983; Egly & Homa, 1984; Eriksen & St. James, 1986),
the sharpness of its edge (Eriksen & St. James, 1986;
Downing, 1988; LaBerge & Brown, 1989), the speed at
which it moves (Tsal, 1983; Remington & Pierce, 1984;
Sagi & Julesz, 1985; Murphy & Eriksen, 1987), its
presence in the path between attended locations (Shul-
man et al., 1979; Sagi & Julesz, 1985; Eriksen & Mur-
phy, 1987; Murphy & Eriksen, 1987), and its ability to
split into separate beams (Shaw & Shaw, 1977; Posner
et al., 1980; Egly & Homa, 1984; Eriksen & Yeh, 1985;
Castiello & Umilta`, 1990, 1992; Heinze et al., 1994;
Kramer & Hahn, 1995; Bichot et al., 1999).
From the results of these studies, modifications of the
original idea of a spotlight have been provided, such as
a ‘zoom lens’ model (Eriksen & Yeh, 1985; Eriksen &
St. James, 1986) and a ‘gradient’ model (LaBerge, 1983;
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Downing & Pinker, 1985; Mangun & Hillyard, 1988;
LaBerge & Brown, 1989). These models share the basic
assumption that the selection of visual information is
ultimately based on its location.
A large number of cueing studies have provided
evidence for location-based selection, using a spatial
precue to indicate the likely location of a forthcoming
target (e.g. Eriksen & Hoffman, 1974; Posner et al.,
1980). Responses to a target are faster when the precue
corresponds to that target’s location (valid cue) than
when it does not (invalid cue). More evidence for
location-based selection has been provided by experi-
ments using combinations of two visual tasks. These
studies show that even when a task does not require
selection by location, and the instructions do not sug-
gest that location is an important factor, a particular
region is selected and any objects within that area can
benefit. For example, Hoffman and Nelson (1981), and
Hoffman et al. (1983) showed that subjects were more
likely to correctly identify a probe stimulus when it
appeared near the target for a concurrent visual dis-
crimination task. With a similar procedure, Tsal and
Lavie (1988, 1993) found that the letter probes appear-
ing near the location that the primary target occupied
were most likely to be reported. Kim and Cave (1995)
showed that during a visual search, both speed and
accuracy for detecting spatial probes were facilitated at
the target location, and also at the locations containing
a distractor with one of the target’s features, implying
that spatial attention is driven by the presence of target
features. One experiment in this study also showed that
spatial attention is used even in some very easy feature
searches.
More recent experiments demonstrate clearly that the
effects revealed by spatial probes arise at a relatively
early level of visual processing at which information is
still organized according to its location. Cepeda et al.
(1998) found that probes at the location of a distractor
were much slower than probes at a blank location. If
probe response times reflected activation spreading
among location-independent representations that
shared properties with the target, the probes at the
blank location would not be any more activated than
probes at distractor locations. The spatial nature of this
inhibition becomes even clearer in a study by Cave and
Zimmerman (1997), in which distractors near the target
are inhibited more than distractors farther away. Pre-
sumably each distractor is inhibited according to the
degree that it interferes with the target, and because the
stimuli are in a spatially organized representation, dis-
tractors near the target interfere more than distractors
far away. Further evidence for selection by location can
be found in the errors made in selecting stimuli from a
multielement display. Snyder (1972) found that when
subjects misreported the shape of a stimulus selected by
the criterion of color, they were likely to report the
properties of a neighboring stimulus. Cave and Pashler
(1995) found that subjects could more accurately iden-
tify a series of digits when they appeared successively at
the same location than when they appeared at different
locations. Additional evidence has come from a series
of experiments measuring event-related brain potentials
(ERPs) to visual stimuli (e.g. Hillyard & Mu¨nte, 1984;
Luck et al., 1993; Heinze et al., 1994). In their ERP
studies, subjects generally showed greater magnitude of
ERP signals (P1, N1) to a stimulus when the stimulus
appeared at the attended location.
Contrasted with location-based models of attention,
‘object-based’ models of attention usually suggest that
location has an equal status to other visual features
such as color, orientation, and shape (see Van der
Heijden, 1993). In this class of models, selection by
shape and selection by location are both equivalent,
and in different tasks either or both can be used (Driver
& Baylis, 1989; Bundesen, 1990, 1996; Kramer & Ja-
cobson, 1991; Baylis & Driver, 1992; Vecera & Farah,
1994; Lavie & Driver, 1996). Thus, any study showing
that color or shape has stronger effects on attentional
performance than the effects of location would be
interpreted as evidence against location-based selection.
A prime example of this class of models was proposed
by Duncan (1980), in which spatially invariant object
representations are first built in parallel before any
selection occurs, and visual attention then selects infor-
mation from among these representations (see also
Duncan, 1984; Baylis & Driver, 1993; Vecera & Farah,
1994). In this object-based model, selection operates not
on feature-based or spatially-organized visual input,
but on abstractly-organized location-independent repre-
sentations of the objects identified in the visual input.
For example, Duncan (1984) demonstrated object-
specific selection using two overlapping objects, a
rectangle and a line. Subjects were briefly presented
with these two objects and then asked to make two
discriminations. When both discriminations involved
the same object, subjects made fewer errors than when
the two discriminations each involved a different object.
Duncan (1984) claimed that location-specific selection
cannot explain these results because two superimposed
objects were both at the same location.
However, these results might also be explained by the
different spatial frequencies that would carry the rele-
vant information (see Watt, 1988). Perhaps selection
can be based on spatial frequency or scale as well as by
location (Larsen & Bundesen, 1978; Cave & Kosslyn,
1989). Also, Cave and Kosslyn found that subjects
attending to one object superimposed over another
seemed to use a process related to mental imagery to
select the target object over the distractor. Thus, Dun-
can’s subjects might select one object over another with
the help of something like a mental image, which
activates those locations occupied by contours of the
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selected object and reduces the ‘effective target energy’
from the distractor contours (Craver-Lemley & Reeves,
1992). The drop in performance that comes from
switching from one object to the other could reflect the
extra effort necessary to create a new image.
Recently, a similar idea was proposed by Vecera and
Farah (1994), who compared selection from spatially
invariant object representations with selection from
what they described as a grouped-array. In their
‘grouped-array hypothesis’, they suggested that ‘atten-
tion can conform to or silhouette the object’s shapes by
activating precisely those locations occupied by the
object’ (p. 148). This idea can be further extended to
the selection of multiple locations occupied by a set of
objects that are organized or grouped together. Extend-
ing the idea of the grouped-array hypothesis, we will
use the term, ‘object-directed location selection’ to refer
to location-based selection in which nonspatial object
factors such as perceptual grouping by shape, color,
motion, or uniform connectedness can affect the alloca-
tion of attention to a location or set of locations. Thus,
under object-directed location selection, a group of
locations would be selected rather than a spatially-in-
variant representation1.
Baylis and Driver (1993) tried to demonstrate object-
based selection using an ambiguous display that could
be seen either as a single central object against a
flanking background or as two objects against a central
background. Although the one- and two-object displays
were physically identical, subjects’ judgements about
each edge of two objects were more difficult than
judgements about two edges of a single object. Baylis
and Driver interpreted this result as demonstrating a
difficulty in attending to two objects rather than one
with an object-based account. However, the same re-
sults can be predicted by a location-based account,
because there might be more cost in either simulta-
neously attending to two regions or shifting attention
from one region to the other than attending to one
region.
Other studies have tried to show that visual attention
can be directed on the basis of properties such as color
or common motion by grouping items together. Harms
and Bundesen (1983) and Baylis and Driver (1992)
demonstrated more interference in categorization of a
target letter when interfering distractors share the same
features (e.g. common color) as the target and thus are
easily grouped with the target. Using a response compe-
tition paradigm (e.g. Eriksen & Eriksen, 1974), Harms
and Bundesen (1983) presented three letters, one central
target letter and two distractor letters flanking the
target. Subjects quickly pressed one button if the cen-
tral letter was a ‘T’ or the other if the central letter was
a ‘F’. Each flanking distractor was ‘T’, ‘F’, or ‘H’. If a
flanking distractor letter was the same as the target
letter, it was described as response compatible. If the
distractor letter was from the opposite response set to
the target, it was described as response incompatible.
Finally, the distractor letter, ‘H’ was described as neu-
tral. Some distractors shared the target’s color and
some had another color. Response-incompatible dis-
tractors caused more interference than compatible or
neutral distractors. Moreover, a distractor sharing the
target’s color influenced (either facilitated or interfered
with) the response to the target more than a distractor
of a different color, presumably because it was grouped
and selected with the target. Baylis and Driver (1992)
and Driver and Baylis (1989) also showed that the
distractors sharing the same feature as the target inter-
fered more than the distractors with a different feature,
even when the latter were spatially closer to the target.
This grouping effect has been interpreted as evidence
that selection in these tasks is not based on location
(e.g. Humphreys, 1981; Kanwisher & Driver, 1992;
Kramer & Watson, 1995). However, note that these
results can instead be interpreted as supporting a type
of ‘feature-driven location selection’ (Kim & Cave,
1995; Shih & Sperling, 1996), in which attention is
allocated to the locations containing one of the target
features such as color or motion.
Kramer and Jacobson (1991) also found that interfer-
ence from distractors increased when targets and dis-
tractors were grouped to form a single object. However,
they did not exclude the possibility that selection in
their task could be mediated via a location-based repre-
sentation because subjects in their study showed less
interference from distractors when the distractors were
moved farther from the target. Similarly, Egly et al.
(1994) demonstrated object-based selection using a pro-
cedure similar to Posner’s (1980) spatial cueing
paradigm. Vecera (1994) showed that in this task atten-
tion was affected by both object boundaries and dis-
tance. Robertson and Kim (1999) added depth cues on
1 Kramer et al. (1997) interpreted the selection of a grouped-array
as another form of object-based model because the selected locations
are always corresponding to the shape of an object in Vecera and
Farah’s (1994) proposal. Although the attentional area in the initial
spotlight metaphor for location-based selection has been often con-
ceived as taking the form of a single, continuous area, presumably
with a circle or oval shape, several studies have claimed that the
attention could be allocated simultaneously to nonadjacent regions
(Beck & Ambler, 1973; Shaw & Shaw, 1977; Shaw, 1978; LaBerge &
Brown, 1989; Castiello & Umilta`, 1990; Castiello and Umilta`, 1992;
Bichot et al., 1999; Kramer & Hahn, 1995; but see Heinze et al.
(1994) and Pan & Eriksen (1993) who argue against split attention).
Moreover, Egly and Homa (1984) and Juola et al. (1991) also showed
that subjects could concentrate their attention in regions of specific
sizes and shapes, such as in ring-like areas. In particular, when a
target object is superimposed on a distractor object like the stimuli
used in Duncan (1980), it may be more efficient to select the arbi-
trary-shaped region that includes the target and none of the distrac-
tors. Thus, assuming flexibility in the form of the selected area, the
selection from a grouped-array can be considered as another form of
location-based model.
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the stimulus background to change the perceived
lengths of the two lines, and found that spatial atten-
tion can operate in space as it is perceived and be
altered by perceptual organization.
Lavie and Driver (1996) showed that two target
elements were identified more quickly and accurately
when the target elements appeared on the same object
than when they appeared on two different objects, even
though the two target elements appeared closer to each
other when on different objects than when on the same
object. This object effect, however, can also be ex-
plained by object-directed location selection. Once one
target element location is selected, spatial attention at
the selected target location might spread to the other
locations occupied by parts of the object (e.g. Yantis &
Moore, 1995).
In summary, many researchers have shown object:
grouping effects on visual selection and interpreted
them as evidence for the selection from spatially-invari-
ant representations. At the same time, they also ac-
knowledge the importance of location by showing
distance effects. Thus, current advocates of object-
based attention seem to suggest a combination of two
selection mechanisms working at different levels of
visual processing: one selects locations in spatially orga-
nized representations, while the other selects from
among location-independent object representations
without involving spatially organized representations.
An alternative explanation is that all selection in
these tasks is done within spatially organized represen-
tations. All the selection is ultimately based on location,
but selection by other features such as color is possible
by first determining the location containing the target
color, and then selecting that location. In this alterna-
tive, which is similar to Vecera and Farah’s grouped
array proposal, there is no need for selecting a location-
independent representation.
The current study was designed to test these two
alternative explanations of the object:grouping effects
in experiments such as Harms and Bundesen’s. The
experiments described below examined whether the ob-
ject:grouping effect found in these studies is mediated
by the selection of location. No previous studies have
measured spatial attention directly at the locations of
grouped and ungrouped distractors in this type of task.
If selection in Harms and Bundesen’s task is actually
mediated through a grouped location-based representa-
tion, then perhaps the findings in many of the object-
based studies can be accounted for within a single
location-based selection framework.
To detect the effects of spatial attention in grouping,
the grouping task will be coupled with a spatial probe
task similar to that used by Kim and Cave (1995). As
described above, the results from these earlier experi-
ments indicate that response times to spatial probes
provide a good measure of location-based selection.
2. Experiment 1
The studies that have provided evidence for
object-based models of attention have shown that
visual properties other than spatial proximity, such as
color, motion, and uniform connectedness, can
influence attentional performance. As mentioned
earlier, Harms and Bundesen (1983) and Baylis and
Driver (1992) showed that grouping of the target and
distractors with the same color can increase the
amount of distractor interference in categorizing a
target letter. However, they did not determine
whether the additional interference from a distractor
results from selection of its location. In an effort to
investigate the correspondence between the grouping
effects and spatial attention, the first experiment was
designed to examine the influence of grouping by
color on spatial attention. In order to produce a
grouping effect, stimuli similar to Harms and
Bundesen’s (1983) were used. Instead of using a
response competition paradigm, however, we used a
probe paradigm to measure spatial attention at each
stimulus location.
The primary task was to report a target letter
appearing at a known location and flanked by two
distractor letters. On each trial, the color of the
target was randomly selected, and one of the flanking
distractors shared the target color and the other did
not. On some trials, after the letters disappeared a
small black dot appeared in a position formerly
occupied by one of the distractor letters. When
subjects detected this dot probe, they pressed a
button quickly. The response times to the dot probe
were used to measure spatial attention at the probed
location.
The dot probe differed from the primary stimuli in
color, shape, and size, sharing only the location of
one of the letters. Thus, the response times to the
probe can be assumed to reflect the amount of spatial
attention at the probed location. We did not know
exactly how quickly attention would be allocated
after the primary stimuli appeared. Therefore we
varied the time between the onset of the primary
stimuli and the onset of the probe from trial to trial
to increase the chances of probing at a time when
attentional effects were strong. If the interference
from the distractors grouped with the target is totally
due to grouping within spatially invariant
representations, then responses to probes should not
vary with location. On the other hand, if the objects
that are perceptually grouped are selected together
based on their locations, as suggested by the
grouped-array proposal, then responses to probes
appearing at the selected grouped-array should be
faster than to probes at other distractor locations.
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2.1. Methods
2.1.1. Participants
Twenty undergraduates at Vanderbilt University par-
ticipated in the experiment in partial fulfillment of a
course requirement. All of them enjoyed normal or
corrected-to-normal visual acuity and normal color
vision.
2.1.2. Apparatus
The experiment was conducted on three AppleColor
High-Resolution RGB Monitors controlled by Macin-
tosh microcomputers. The screen resolution was 640
480; 69 dpi. Subjects responded via custom-built
response keys that were connected to Strawberry Tree
parallel interface cards. Responses were timed with
clocks on the interface cards.
2.1.3. Stimuli
The primary stimuli in each trial consisted of three
colored letters, one centered target letter flanked on
each side by a distractor letter against a white back-
ground. On each trial, the color of the target was
randomly selected to be either red or green. The color
of each distractor was also randomly selected to be red
or green with the constraint that one distractor should
have the same color as the target and the other should
not. The shades of red and green were matched for
luminance for each video monitor using a Minolta
Luminance ft-L° light meter.
With a viewing distance of approximately 60 cm,
each stimulus letter spanned about 0.95° vertically and
0.60° horizontally. The center-to-center distance be-
tween target and distractor letters was approx. 1.05° of
visual angle.
For each trial, three different letters were randomly
selected from 21 upper case alphabet consonant letters.
The letters were drawn using the Macintosh Monaco
font. In half the trials the target was red and in the
other half it was green. Likewise, in half the trials the
distractor letter with the target color appeared on the
left and in the other half on the right. These four types
of trials were randomly intermixed.
2.1.4. Procedure
The sequence of displays in a regular trial is illus-
trated on the left side of Fig. 1. Half of the trials were
of this type. Each trial began with the presentation of a
fixation cross at the center of the screen. This was the
subject’s cue to fixate on the cross and prepare for the
trial. After 1500 ms, the three letters (the primary
stimuli) were presented. The presentation of the pri-
mary stimulus was synchronized with the video refresh.
After 30 ms, the primary stimuli disappeared. On the
regular trials, a blank screen appeared for 1500 ms,
followed by a display containing all possible letters and
the question ‘which letter was presented as a target?’
Using a mouse, subjects selected one letter as a target.
They were instructed that accuracy was important and
that speed did not matter. If subjects responded incor-
rectly, they heard an error sound.
The remaining half of the trials were probe trials (the
right side of Fig. 1). The procedure was similar to that
in the regular trials, except that a small black dot (the
probe; approx. 0.12° of visual angle) appeared immedi-
ately after the primary stimulus. The probe appeared at
the center of one of the two locations formerly occu-
pied by a distractor letter, and remained visible for 30
ms. The probe is designed to be very distinct from the
letters in the primary stimulus, so that it is less likely to
be perceived as part of the preceding object than the
stimuli in Egly et al.’s (1994) experiment. Because the
effects of attention on the probe might vary depending
on the time at which the probe appeared, the delay
between primary stimulus onset and probe onset (SOA)
was selected randomly for each trial to be either 60 or
150 ms. After the probe offset, the display was blank
for 1500 ms. Subjects were instructed to respond to the
probe during this time by pressing a response button. If
they missed the probe and failed to press the button
within 1500 ms, or they pressed it when no probe
appeared, they heard a different error sound.
Fig. 1. The sequence of displays in Experiment 1. The target letter
was the middle of the three letters. Red letters are shown as black,
and green as gray. In this trial the target is red. At the beginning of
each trial, a fixation cross appeared for 1500 ms, and the primary
display then appeared for 30 ms. In probe trials, a probe appeared
after a brief interval for 30 ms in the center of one of the locations
previously occupied by one of the two distractors. After the subject
responded to the probe or after a fixed interval had passed with no
response, a question appeared asking which letter was presented as a
target.
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Fig. 2. Mean response times to probes that appeared at the location
occupied by two different types of distractors with two SOAs.
The analysis showed that subjects responded more
slowly in the 60 ms SOA condition than in 150 ms SOA
condition [F(1,19)5.29, PB0.05]. There were no
main effects of target color and probe location. How-
ever, there was a significant interaction effect between
SOA and probe location [F(1,19)7.10, PB0.05]. As
shown in Fig. 2, the patterns of RTs at two types of
distractor locations differed from each other signifi-
cantly according to SOA. With the early SOA (60 ms),
probe responses were faster at the flanking distractor
that had a different color from the target color than at
the flanking distractor that shared the target color. In
the long SOA condition (150 ms), however, this RT
pattern was reversed. Subjects responded faster at the
location of the flanking distractor when that distractor
and the target letter were in the same color.
2.3. Discussion
Spatial attention to the distractors varied depending
on whether each distractor contained the target color or
not, even though the color of the stimulus was irrele-
vant to the task and the target color was unknown
before it appeared. With the 60 ms SOA, the flanking
distractor received more attention when its color was
different than when it was the same as the target color.
That is, attention is first allocated to the uniquely
colored distractor’s location. This result is in line with
the findings by Theeuwes (1991, 1992) and by Kim and
Cave (1999a) showing that attention can be first cap-
tured by a bottom-up activation of a task-irrelevant
unique feature such as a uniquely colored distractor.
However, soon thereafter (as shown with the 150 ms
SOA), the location of the distractor with the nontarget
color was relatively less activated and the distractor
location with the target color was relatively more acti-
vated, which implies perceptual grouping mediated by
spatial attention. If spatial selection works in this task
by inhibiting distractors as it did in Cepeda et al.
(1998), then the nontarget-color distractor location is
more inhibited than the target-color distractor location.
These results suggest that perceptual grouping by a
feature other than spatial proximity is still not totally
spatially invariant. That is, the interference from the
presence of a salient distractor in visual search studies
(e.g. Theeuwes, 1991, 1992) and the interference from
the grouped flanking distractors in the response compe-
tition studies (e.g. Harms & Bundesen, 1983; Kramer &
Jacobson, 1991; Baylis & Driver, 1992) might not result
directly from the selection of spatially invariant repre-
sentations, but from the selection of the locations occu-
pied by the objects.
The RT pattern in the early SOA was not originally
expected. According to Harms and Bundesen (1983),
the flanking distractor with the target color should
always have more influence in responding to the target.
Subjects were given a break every 40 trials. Each
subject worked through at least 32 practice trials before
data collection. More practice was given if the subject
or experimenter judged it necessary. Each subject re-
ceived a total of 256 trials, not counting practice. The
mouse was used by the dominant hand for responding
in the primary task (identifying the target letter). Re-
sponse to the probe (pressing a button) was done by the
non-dominant hand.
2.2. Results
2.2.1. Analysis of 6ariance on probe RTs
Correct response rates in letter identification were
above 0.97 in the primary task and above 0.98 in the
probe task. Since these correct response rates were so
high, they were not analyzed.
RTs for each subject were sorted into cells according
to the conditions in each trial. In each cell, the highest
and:or lowest RT was removed if it was more than 3.5
standard deviations from the mean of the remaining
RTs for that cell. If one extreme RT was removed, the
same trimming procedure was repeated for the next
highest and:or lowest RT in the cell until it was less
than 3.5 standard deviations from the mean. This itera-
tive trimming procedure eliminated approx. 3% of the
total number of trials. The mean RTs for each subject
from both correct primary responses and correct probe
responses were subjected to a repeated-measures analy-
sis of variance (ANOVA). The ANOVA included target
color (red or green), probe location (distractor location
with the target color or without the target color), and
SOA (60 or 150 ms) as factors. Fig. 2 shows the mean
RTs to probes that appeared at the location occupied
by either a distractor with the target color or a distrac-
tor without the target color.
M.-S. Kim, K.R. Ca6e : Vision Research 41 (2001) 611–624 617
Using a probe paradigm with different SOAs, however,
we were able to measure how interference from the
distractors, and accordingly the allocation of attention,
varied over time. Kim and Cave (1999a) demonstrated
a similar shift in spatial attention over time.
3. Experiment 2
In order to produce perceptual grouping by color,
Experiment 1 used similar stimuli to Harms and Bun-
desen’s (1983) in which they showed the extra interfer-
ence or facilitation from the grouped distractor. The
main goal of the experiment was to determine whether
this grouping:object effect found in those previous
studies is based solely on the selection of location-in-
variant representations, or whether it is mediated by the
selection of location. Although the results with 150 ms
SOA imply the location-based selection in the grouping
effect, the unexpected results with the 60 ms SOA led us
to examine this task more closely in Experiment 2.
In Experiment 1, there was always one distractor that
was unique in color. The location with this salient color
singleton might automatically receive more spatial at-
tention, resulting in faster probe RTs at that location
with the early SOA. In order to eliminate the saliency
effect from the unique color, the current experiment
presented four letters: two red and two green. The two
letters sharing the same color were always arranged
together either in the same row or the same column. As
in Experiment 1, subjects reported the target letter at a
known position, and they responded to the probe dot
quickly when it appeared. Experiment 1 measured and
compared spatial attention only at the distractor loca-
tions. Since the target always appeared at the fixation in
Experiment 1, probe RTs at the target location would
be affected by visual acuity as well as attention. Thus,
Experiment 1 cannot determine whether the target loca-
tion is also selected when the distractor location with
the target color is selected. In the current experiment,
however, the target and distractors were presented at
the same distance from the center of the fixation cross.
Thus, it could measure spatial attention at the target as
well as the grouped:ungrouped distractor locations
without confounding visual acuity.
Since the display had no uniquely colored element,
subjects should not allocate attention to the location of
the nontarget-colored distractor at the early stage of
visual selection. Also, if the distractor with the target
color was grouped and selected with the target in
Experiment 1, then probe RTs at the locations of the
target and the target-colored distractor should be faster
than at the locations of the nontarget-colored
distractors.
3.1. Methods
3.1.1. Participants
Eighteen undergraduates at Vanderbilt University
participated in the experiment in partial fulfillment of a
course requirement. All of them enjoyed normal or
corrected-to-normal visual acuity and normal color
vision.
3.1.2. Apparatus and stimuli
The apparatus was identical to that used in Experi-
ment 1. All aspects of the primary stimuli were as in
Experiment 1, except that each display contained four
letters, presented around the fixation cross with one
letter appearing in each quadrant (see Fig. 3). For each
trial, the target location was randomly selected and
indicated in advance by a black outline box appearing
at that location. The cue of the target location spanned
about 0.97° vertically and 0.64° horizontally. For each
trial, four different letters were randomly selected from
20 capital alphabet consonant letters (here, the letter Q
was not used because of its difference in height from
other letters). As in Experiment 1, the target was red in
half the trials and green in the other half. In this
configuration of letters, there are two distractors adja-
cent to the target, one vertically and one horizontally.
One of the adjacent distractors always had the target
color, and the other adjacent distractor had the non-
target color. (The third distractor, which was posi-
tioned diagonally from the target, always had the
nontarget color.) In half the trials the distractor letter
with the target color appeared in the same column with
Fig. 3. The sequence of displays in Experiment 2. The target letter
was always presented at the location where the location cue had
appeared. Red letters are shown as black, and green as gray.
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the target (vertical arrangement of the same colored
letters) and in the other half in the same row with the
target (horizontal arrangement of the same colored
letters). These four types of trials were randomly
intermixed.
3.1.3. Procedure
The sequence of displays in a regular trial and a probe
trial is illustrated in Fig. 3. The procedure was identical
to that in Experiment 1, with the following exceptions.
The rectangular-shaped cue for the target location ap-
peared for 500 ms, 750 ms after the first presentation of
a fixation cross. After the cue disappeared, there was a
1000 ms delay with only the fixation cross displayed.
This relatively long interval between the cue and the
primary stimulus was included to prevent masking of the
primary target letter by its location cue and other side
effects due to a rapid serial presentation. Subjects were
instructed to maintain fixation at the cross throughout
each trial. Eye position was not monitored. Even if
subjects did not maintain fixation before the primary
display appeared, it would not systematically influence
perceptual grouping or probe acuity at the two near
flanking distractor locations, because subjects did not
know which of the two flanking distractors would have
the same color as the target nor where the probe would
appear. Cues were 100% valid as to the target’s location.
Each subject worked through 96 practice trials before
data collection. Each subject received a total of 256
trials, not counting practice. On half of the trials, the
probe appeared at the center of one of the four locations
formerly occupied by a target or one of the three
distractor letters (target-color distractor, nontarget-
color distractor near to the target, non-target-color
distractor far from the target). The probe was equally
likely to appear at each of the four locations. Otherwise,
the procedure was the same as that in Experiment 1.
3.2. Results
3.2.1. Analysis of 6ariance on probe RTs
Correct response rates were above 0.97 in the primary
task and above 0.99 in the probe task. Since these
correct response rates were so high, they were not
analyzed. The iterative trimming procedure from Exper-
iment 1 was used, which eliminated data from approx.
3% of the trials. The mean RTs from trials with both a
correct primary response and correct probe response
were subjected to ANOVA with four probe locations
(target, distractor with the target color, distractor with-
out the target color near the target, and distractor
without the target color located diagonal to the target)
and two SOAs (60 and 150 ms) as factors. Fig. 4
presents mean RTs to the probes at each probed loca-
Fig. 4. Mean response times to probes that appeared at the location
occupied by a target and three distractors with two SOAs. ‘Near diff
clr distractor’ refers to a distractor with a different color from the
target appearing next to the target horizontally or vertically. ‘Far diff
clr distractor’ refers to a distractor with a different color from the
target appearing diagonally to the target.
tion with two SOAs. The analysis showed that subjects
responded to probes more slowly with the 60 ms SOA
than 150 ms SOA [F(1,17)5.26, PB0.05] as in Exper-
iment 1. More importantly, there was a main effect of
probe location [F(3,51)4.20, PB0.01] but no interac-
tion between SOA and probe location [F(3, 51)B1]. In
both SOA conditions, probe responses were faster at the
target and the flanking distractor with the target color
than at the distractors with a different color from the
target. Another ANOVA, performed with only two
probe locations (distractor with the target color, distrac-
tor without the target color near the target), also showed
significantly faster probe responses at the same-colored
distractor location [F(1,17)7.53, PB0.05].
3.3. Discussion
Once again, the distractor location with the same
color as the target was relatively more activated than
the locations of the distractors with the different color,
which implies that perceptual grouping mediated by
spatial attention occurred in Experiment 2, just as in
the 150 ms SOA condition of Experiment 1. Moreover,
as expected, this grouping effect on spatial selection
appeared at the earlier SOA as well, showing that
grouping can affect selection fairly early in processing
when a color singleton is not competing for attention.
Interestingly, the current experiment did not show
any distance effect. That is, subjects responded to the
probe equally fast whether the probe appeared at the
target or at the target-colored distractor location. Also,
when the probe appeared at one of the nontarget color
distractor locations, response time to the probe was not
M.-S. Kim, K.R. Ca6e : Vision Research 41 (2001) 611–624 619
influenced by its distance from the target location. On
the one hand, these results indicate these stimuli suc-
cessfully induced a strong perceptual grouping by color
with the current stimulus display. Note that the pur-
pose of the current study was neither to compare
between distance and grouping effects nor to argue
against the object:grouping effects that had been reli-
ably observed in most object-based attention studies.
Instead, our goal was to determine whether the object:
group effect itself is mediated by location selection, as
the current probe results strongly suggest.
On the other hand, these results raise a question as to
why the distance effect that had been observed in many
prior studies was not found in this experiment. One
possible explanation is that the distance between ele-
ments was too small to measure a distance effect. (The
center-to-center distance between two neighboring ele-
ments was approx. 1.05° of visual angle, and the size of
the whole display subtended approx. 2.0° of visual
angle.) Furthermore, Downing (1988) showed that at-
tentional effects spread across shorter distances with
form discrimination than with other tasks such as lumi-
nance detection and brightness discrimination. Note
that simply demonstrating a distance effect is neither
our goal nor a critical piece of evidence against most
current object-based attention models, which encom-
pass spatial effects. Rather, our display was used to
produce a strong grouping effect, and offered the first
evidence that a set of grouped locations can be selected
without a distance effect. The lack of a distance effect
in the current experiment is still consistent with the
presence of location-based selection.
Taking the results from the two experiments to-
gether, visual attention apparently selects a group of
spatial locations occupied by visual objects that share
the same features. This characteristic of visual selection
should allow efficient processing of multiple objects
with the same features in parallel, or efficient processing
of multiple parts of a single object simultaneously when
the object is partially occluded by another. For exam-
ple, when an object is divided into two parts by an
occluding object, these two parts can be selected to-
gether by allocating attention to their locations if the
parts from the same object share features such as color,
orientation, spatial frequency, and so on (e.g. Yantis &
Moore, 1995).
4. General discussion
4.1. Location, distance, and grouping
Based on earlier findings that spatial attention is
driven by target features such as color or shape (Kim &
Cave, 1995; Shih & Sperling, 1996), the present study
was designed to determine whether spatial attention can
also be directed by object factors such as grouping by
color. As mentioned in the introduction, many previous
studies have tested between location-based and object-
based attention by comparing nonspatial grouping:ob-
ject effects on selection with location (distance) effects
(e.g. Kramer & Jacobson, 1991; Baylis & Driver, 1992;
Vecera & Farah, 1994; Egly et al. 1994; Vecera, 1994;
Lavie & Driver, 1996). They manipulated spatial dis-
tance as a location factor and nonspatial features such
as color or unique connectedness as an object or group-
ing factor, and showed strong effects of both. In gen-
eral, they interpreted the grouping:object effect as
supporting object-based selection, while they acknowl-
edged the need for their theories to accommodate the
distance effects as well. Thus, they seem to require more
than one form of selection to explain the combination
of location effects and grouping effects.
However, the grouping:object effects demonstrated
in the previous experiments do not necessarily mean
that objects are selected in a spatially-invariant format.
Moreover, the distance effects shown in those earlier
studies do not necessarily mean that the selection of the
object:group is mediated by the locations it occupies
(the grouped array proposal). For example, Kramer
and Jacobson (1991) demonstrated that increasing the
spatial separation between the target and distractor
decreased the interference from the distractor even
when the distractor was a part of the same object as the
target. Thus, they showed that distance had an effect
even when object selection is occurring. Although their
results indicated that location (or more accurately ‘spa-
tial distance’) is still an important factor in selection,
they could not determine whether the interference from
the grouped distractor itself is mediated by the selection
of its location, or whether spatial distance influenced
selection indirectly by influencing the strength of group-
ing that is represented within spatially-invariant repre-
sentations. In contrast to the earlier studies, the current
experiments specifically demonstrated increased spatial
attention for the grouped distractor location, which is
likely responsible for the increase in distractor
inhibition.
In a recent study, Lavie and Driver (1996) demon-
strated attentional effects of grouping in the absence of
distance effects. Thus, we know that while spatial prox-
imity will influence the extent of the grouping strength
in many cases, it will not in others. Nonetheless, just as
the presence of the distance effects is not critical evi-
dence for location-based selection, the absence of dis-
tance effects is not critical evidence against
location-based selection. Many researchers have as-
sumed that location-based selection can only take the
form of an attentional spotlight or gradient, which
provides less and less attentional facilitation for stimuli
farther and farther from the attentional focus. Based on
this assumption, they tested for spatial selection mainly
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by manipulating spatial distance. Note, however, our
definition of spatial selection or location-based selection
is not limited to the classical spotlight-like attention. In
another recent study, we have found evidence that
attention during visual search is based on location, but
it takes the form of inhibition focused at distractor
locations rather than a spotlight of facilitation (Cepeda
et al., 1998). Thus, in some tasks attention is location-
based but nonetheless produces little in the way of
distance effects. (See Cave & Bichot, 1999, for further
discussion of location-based selection without a
spotlight.)
4.2. Selecting locations or location-in6ariant
representations?
The important distinction between location-invariant
selection and object selection mediated by location
selection has been the theme of a couple of other
studies. Vecera and Farah (1994) addressed a similar
question in their study, but they did not measure spatial
attention at the locations of the targets to be selected.
Instead, they measured attentional costs by increasing
distance between two objects on the assumption that it
would require more time or cost to shift location-based
attention over a longer distance. As Kramer et al.
(1997) and Cave and Bichot (1999) point out, a large
number of papers have argued against this assumption
(e.g. Remington & Pierce, 1984; Sagi & Julesz, 1985;
Eriksen & Murphy, 1987; Murphy & Eriksen, 1987;
Yantis, 1988; Eriksen & Webb, 1989; Kwak et al., 1991;
Sperling & Weischelgartner, 1995). Kramer et al. also
provided new data addressing this issue. They em-
ployed the same probe technique we used in our earlier
studies (e.g. Kim & Cave, 1995) in which we found
faster responses for probes at target locations than at
distractor locations in visual search. Kramer et al. used
this method to demonstrate that subjects employ spatial
selection when performing Duncan’s (1984) two-object
task. Kramer et al.’s results are important because they
show that spatial attention plays a role even in a task
that has been a prime example of object-based selec-
tion. However, their study does not reveal anything
about the selection of perceptual groups, because they
had only two stimuli that were far apart and grouping
was not a factor. They did not provide any evidence
that the locations of objects are selected together when
the objects are part of or grouped with another selected
object (target).
The current experiments provide direct evidence in
support of the grouped array interpretation that goes
well beyond that offered by Kramer et al. (1997). Using
a spatial probe method, we empirically demonstrated
‘object-directed location selection’. This term stresses
that object organization or grouping by a nonspatial
feature is an important factor in directing spatial atten-
tion (where to attend). Also, as mentioned in the intro-
duction, this term is more specific about how selection
is done, and avoids any confusion about the definition
of object-centered visual selection (e.g. Kramer et al.,
1997).
For the primary task of Experiments 1 and 2, we
used a focused attention paradigm in which subjects
were asked to pay attention to a specific location cued
in advance and to ignore the other stimuli occurring
elsewhere. One might argue that the spatial selection
occurred because the target was defined by its location.
However, Kim and Cave (1995) showed that spatial
attention is used in a visual search task in which the
target is defined by nonspatial visual features such as
color or shape. Furthermore, a more recent study (Kim
& Cave, 1999b) demonstrated that grouping of the
elements in a conjunction search produced location-
based selection for the group containing the target. In
that study, subjects searched for a conjunction of color
and shape; thus there was nothing about the task that
suggested selection by location. Spatial probes at a
distractor location that could be grouped with the
target produced faster responses than probes at a loca-
tion that was not in the same perceptual group as the
target.
The Kim and Cave (1999b) study demonstrates that
grouping is mediated by spatial selection when targets
are not defined by location. However, the Kim and
Cave (1999b) study by itself may not tell the whole
story about grouping, because it is not clear how
important grouping is in conjunction search. Conjunc-
tion search performance can generally be explained by
theories that do not rely on grouping (Cave & Wolfe,
1990; Wolfe, 1994; Wolfe & Gancarz, 1996; Cave, 1999;
Cave et al., 2000). The current study, unlike Kim and
Cave (1999b), demonstrates location-based selection in
a task that has been clearly shown to produce a strong
form of color grouping. When taken together, these
two studies underscore the importance of spatial selec-
tion in grouping.
One might also argue that our probe task (simple
detection of the dot presence) could trigger the use of a
spatially organized representation, and that without the
probe task a spatially invariant representation could be
used in the primary task (letter identification). In fact,
Vecera and Farah (1994) suggested that either object-
based or location-based representation may be used
depending on ‘task demands’. In a recent debate be-
tween Kramer et al. (1997) and Vecera (1997), Vecera
also pointed out that the probe task (simple dot detec-
tion task) in Kramer et al.’s study may require a
spatially organized representation while their primary
task (shape discrimination or identification task) may
require a spatially invariant representation. In an earlier
study (Kim and Cave, 1995), however, the probe task
required identifying multiple letters from a probe array,
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and it revealed the same spatial attention effect as in
the dot probe task. Furthermore, ERP studies (e.g.
Luck et al., 1993; Heinze et al., 1994; Weber et al.,
1997) have indicated that processing at a probed loca-
tion varies according to spatial attention at that loca-
tion even when subjects can ignore the probe stimulus.
Thus, the probe results indicating location selection in
the primary task are not just artifacts of ‘task demands’
from the simple dot probe detection task.
The current results might at first seem to be consis-
tent with a purely object-based model because they
showed that attention is directed by nonspatial features
such as color, shape, or grouping principles. As de-
scribed above, however, the probe dot in the current
experiments does not share color, size, or shape with
the target. It only shares location with the primary
stimuli, and because of that shared location it shares in
the attentional effects. Thus, nonspatial properties like
color are apparently used in these tasks to direct atten-
tion to a particular location rather than to a spatially
invariant object representation.
4.3. Which is first, grouping or selection?
There are at least two different ways in which group-
ing can affect spatial selection. Grouping might be
completely preattentive, so that before any locations
are selected, the visual input is organized into groups,
and then one of these groups is selected. Alternatively,
there could be more of an interaction between grouping
and selection over time. For instance, in Experiment 2,
the target location might first be selected in response to
the spatial cue. This selection would trigger the activa-
tion of high-level representations of the target’s color
and other features. This activity might then trigger a
feedback mechanism that selects other locations sharing
the same features, resulting in selection of the location
with the target-color distractor. (For attention models
that include top–down mechanisms that can select
locations containing a specified feature, see Cave and
Wolfe, 1990; Wolfe, 1994; Wolfe & Gancarz, 1996;
Cave, 1999.)
Under both accounts, grouping is accomplished by
spatial selection, and both accounts are generally con-
sistent with the data presented here. The second ac-
count may have an advantage in speed and efficiency.
Because grouping requires comparison of information
across many different cortical locations, it may be
rather slow. Under the second account, spatial selection
and the processes that rely on it do not have to wait for
grouping to be completed.
4.4. Attention to singleton distractors
Besides the grouping effect, Experiment 1 found fast
probe RTs at the location of the non-target color
distractor at the early SOA, suggesting that a flanking
distractor is not excluded early in visual processing
when the distractor has a unique color. In a different
study using visual search and a probe paradigm, Kim
and Cave (1999a) also showed that a task-irrelevant
color singleton distractor can capture attention early in
visual processing (60 ms SOA). This ‘singleton effect’ at
the early SOA is consistent with Theeuwes’ recent
finding that a task-irrelevant singleton can capture at-
tention to its location (Theeuwes, 1995a) and that this
spatial distraction occurs at the preattentive stage of
processing, usually before 100 ms SOA (Theeuwes,
1995b).
This singleton effect in Experiment 1 is somewhat
surprising because many studies have shown that a
salient feature singleton does not capture attention
when it is irrelevant to the task (Jonides & Yantis,
1988; Yantis & Jonides, 1990; Koshino et al., 1992;
Hillstrom & Yantis, 1994; Yantis & Egeth, 1994; Folk
& Annett, 1994) or when subjects are required to focus
their attention onto a restricted area indicated by the
central cue in advance (e.g. Theeuwes, 1995a). One
possible explanation for this discrepancy is that those
earlier studies did not measure the singleton effect
across different time intervals and multiple distances as
Kim and Cave (1999a) and Theeuwes (1995b) did.
Although more experiments are required to clarify this
question, our data from two different SOAs suggest
that a task-irrelevant color singleton can capture atten-
tion in early visual processing (before 100 ms SOA)
even when subjects are required to focus on a pre-
defined target location.
4.5. Conclusion
To summarize, the current experiments showed that
interference from the flanking distractors in previous
studies can be attributed to spatial selection at those
locations. This result is important because this type of
interference has been treated as evidence for selection
independent of location. Using a spatial probe, we
uncovered evidence that the interference from a
grouped distractor or color singleton distractor in a
response competition paradigm originates from the se-
lection of its location rather than from the selection of
spatially invariant representations or a competition at a
late response level. These results suggest that object-
based selection might be mediated by selection of the
target objects’ locations.
This study, along with Kim and Cave (1999b), illus-
trates the need for attentional models that explain how
the object organization of a scene can direct spatial
attention to specific locations. High-level representa-
tions may help in guiding attention to the appropriate
locations. Once these location-independent representa-
tions begin to be activated in the course of visual
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processing, there may be feedback connections from
these representations that trigger the selection of loca-
tions that have features matching those of the activated
object. In this particular task, the spatial cue may cause
the target location to be selected, which results in the
activation of an object representation of the target,
which then activates feedback connections triggering
the selection of the other location with the target color.
Thus, although the data presented here cannot be ex-
plained solely by the selection of location-independent
object representations, those representations may still
play an important role in this attention task.
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